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TRANSMISSION/RECEPTION APPARATUS 
BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a 
5 transmission/reception apparatus , and more particularly, 
to a transmission/reception apparatus that assigns a 
spread transmission signal for a subcarrier for each 
spread signal to perform frequency division multiplexing 
in a mobile communication, and thereby performs radio 
^ 10 communications in a combination system of OFDM/TDD and 
CDMA, and a transmission diversity method for such an 
zl apparatus . 

J; Description of the Related Art 

"L In a CDMA communication, interference between 

!f; 15 spreading codes takes place in multipath environment, 
;f and an error rate characteristic deteriorates. 

^ Meanwhile, as a communication system resistant to the 

interference between spreading codes, there is known an 
OFDM communication using guard intervals. Therefore as 
20 a next generation system, attention is drawn to an 
OFDM-CDMA system radio communication which provides 
multicarrier in the CDMA communication, assigns a 
subcarrier signal for each chip, and thereby performs 
frequency division multiplexing to transmit signals. 
25 In the OFDM-CDMA communication, a plurality of 

signals are spread with different non-correlative 
spreading codes, and one spread signal is assigned one 
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subcarrier. When the spreading codes are completely 
orthogonal, it is possible to completely remove signals 
except required signals by despreading processing in 
receiving the signals even if the signals are multiplexed 
5 greatly. 

The following explains a conventional OFDM-CDMA 
transmission/reception apparatus using FIGS.l and 2. 
FIG.l is a block diagram illustrating a schematic 
configuration of the conventional 

^ 10 transmission/reception apparatus, and FIG. 2 is a 
schematic diagram illustrating one example of subcarrier 
assignments in a conventional OFDM-CDMA communication. 

In a transmission system in FIG.l, spreading 
~ section 1 multiplies transmission signals 1 to n 

2; 15 respectively by spreading codes 1 to n to perform 
2? spreading processing. Herein a spreading factor is 

assumed to be k. 

Addition section 2 adds spread transmission signals, 
and Serial -Parallel ; S/P converter 3 converts 
20 single- sequence signals into plural - sequence signals. 
Herein added spread transmission signals are divided for 
each spread signal, and spread transmission signals 1 
to n are disassembled into the first to kth chips for 
each spread signal (chip). 
25 IFFT processing section 4 performs Inverse Fourier 

Transform processing on the plural-sequence signals, and 
at this point, assigns one subcarrier for one chip data 
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signal sequence to process frequency division 
multiplexing . 

That is, the number of subcarriers matches with the 
spreading factor, and herein is k. In addition, it is 
5 assumed that subcarrier 1 is assigned for first chips 
of transmission signals 1 to n, and subcarrier k is 
assigned for kth chips of transmission signals 1 to n. 
In other words, chip data sequences are subjected to the 
frequency division multiplexing. FIG. 2 illustrates 

10 this aspect. Antenna 5 performs transmission and 
reception of radio signals. 

In a reception system, FFT processing section 6 
performs Fourier Transform processing on a received 
signal to obtain each subcarrier signal (chip data signal 

15 sequence). Compensation sections 7 are provided for 
each subcarrier, and perform compensation processing 
such as phase compensation on respective subcarrier 
received signals. 

Parallel-Serial; P/S converter 8 converts the 

20 plural- sequence signals into the single- sequence 
signals, specifically rearranges each subcarrier signal 
for one chip, outputs at time tl the first chip of a signal 
obtained by multiplexing spread transmitted signals 1 
to n, outputs at time t2 the second chip of the signal 

25 obtained by multiplexing spread transmitted signals 1 
to n, and then sequentially outputs at time tk the kth 
chip of the signal obtained by multiplexing spread 
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transmitted signals 1 to n, 

Despreaciing section 9 multiplies received signals, 
each of which is converted into the single-sequence 
signal, by respective spreading codes 1 to n, and obtains 
5 only signals spread with the codes to perform 
despreading . 

However the conventional transmission/reception 
apparatus has the following problem* That is, in the 
multipath environment, each subcarrier signal is 
;ji 10 affected by fading variation independently, causing a 
ri case that received amplitudes are different between 

01 subcarrier signals as illustrated in FIG. 3. 

ry In the OFDM-CDMA communication, since one 

ri subcarrier is assigned for each chip assignment position 

hi 15 of each spread transmission signal , i.e., one subcarrier 
g2 is assigned for one chip, to perform the frequency 

division multiplexing, a deviation in received amplitude 
of each subcarrier signal directly becomes a deviation 
in received amplitude of the spread signal, and as a 
20 result, the orthogonality deteriorates. 

That is, spreading codes are selected so that each 
spreading code is orthogonalized to each other. However 
there is the assumption that amplitudes of the spreading 
codes are constant, and therefore the orthogonality 
25 deteriorates when divinations are generated in received 
amplitudes of spreading codes . 

For example, the correlation of spread signal 
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sequence RX [1, -1, 1, 1] with spreading code sequence 
TX [-1, -1, 1, -1] is as follows: 
RX-TX = [1, -1, 1, l]-[-l, -1, 1, -1] 
= 1X(-1)+ (-l)X(-i)+iXi + iX(-i) 
5 =0 

where the orthogonality is confirmed. 

Herein assume that amplitude divination is generated in 
spreading code sequence RX, and that RX becomes RX ' [ 3 , 
-0.1, 0.2, 1]. In this case, the correlation is as 
10 follows: 

RX'-TX = [3, -0.1, 0.2, 1]'[-1, -1, 1, -1] 

= 3X(-1)+ (-0.1)X(-l)+o.2Xl + lX(-i) 

= -3.7 

where the orthogonality deteriorates . 

15 Thus in the multipath environment, when the 

orthogonality between spreading codes deteriorates, 
other signal components remain as noise components 
corresponding to deterioration of the orthogonality, and 
thereby the error rate characteristic deteriorates. 

20 Since the noise components are increased as the number 
of multiplexed signals is increased, the deterioration 
of the error rate characteristic is proportional to the 
number of multiplexed signals , and as a result , the extent 
of deterioration is increased as the number of 

25 multiplexed signals is increased. 

Generally in the radio communication system, since 
the error rate is controlled to be below a predetermined 
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level, the number of signals to be multiplexed is 
decreased to prevent the deterioration of the error rate 
characteristic, and thereby the transmission capacity 
is decreased, 
5 SUMMARY OF THE INVENTION 

It is an object of the present invention to provide 
a transmission/reception apparatus that decreases an 
amplitude difference between subcarrier signals to 
maintain the orthogonality between spreading codes, and 
10 thereby enables improved transmission efficiency in the 
multipath environment . 

It is a subject of the present invention to select 
a branch providing the largest received amplitude for 
each subcarrier at the time of reception, and transmit 
15 only subcarrier signals selected for each branch at the 
time of transmission. 

BRIEF DESCRIPTION OF THE DRAWINGS 
The above and other objects and features of the 
invention will appear more fully hereinafter from a 
20 consideration of the following description taken in 
connection with the accompanying drawing wherein one 
example is illustrated by way of example, in which; 

FIG.l is a block diagram illustrating a schematic 
configuration of a conventional transmission/reception 
2 5 apparatus ; 

FIG. 2 is a schematic diagram illustrating one 
example of subcarrier assignments in a conventional 
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OFDM- CDMA communication ; 

FIG. 3 is a schematic diagram illustrating another 
example of subcarrier assignments in a conventional 
OFDM -CDMA communication ; 
5 FIG. 4 is a block diagram illustrating a schematic 

configuration of a transmission/reception apparatus 
according to a first embodiment of the present invention; 

FIG. 5 is a block diagram illustrating a schematic 
configuration of a diversity control section in the 
10 transmission/reception apparatus according to the first 
embodiment of the present invention; 

FIG.6A is a schematic diagram illustrating one 
example of subcarrier assignments of transmission 
signals for branch 1 according to the first embodiment 
15 of the present invention; 

FIG.6B is a schematic diagram illustrating one 
example of subcarrier assignments of transmission 
signals for branch 2 according to the first embodiment 
of the present invention; 
20 FIG.6C is a schematic diagram illustrating one 

example of subcarrier assignments of received signals 
according to the first embodiment of the present 
invention ; 

FIG. 7 is a block diagram illustrating a schematic 
25 configuration of a transmission/reception apparatus 
according to a second embodiment of the present 
invention ; 
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FIG. 8 is a block diagram illustrating a schematic 
configuration of a diversity control section in the 
transmission/reception apparatus according to the 
second embodiment of the present invention; 
5 FIG.9A is a schematic diagram illustrating one 

example of subcarrier assignments of transmission 
signals for branch 1 according to the second embodiment 
of the present invention; 

FIG.9B is a schematic diagram illustrating one 
10 example of subcarrier assignments of transmission 
signals for branch 2 according to the second embodiment 
of the present invention; 

FIG.9C is a schematic diagram illustrating one 
example of subcarrier assignments of received signals 
15 according to the second embodiment of the present 
invention; and 

FIG. 10 is a block diagram illustrating a schematic 
configuration of a diversity control section in the 
transmission/reception apparatus according to a third 
20 embodiment of the present invention; 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 
Embodiments of the present invention will be 
described below with reference to accompanying drawings . 
25 (First embodiment) 

A transmission/reception apparatus according to 
this embodiment selects a branch providing the largest 



1 



9 

received amplitude for each subcarrier at the time of 
reception, and transmits only subcarrier signals 
selected for each branch at the time of transmission. 
The transmission/reception apparatus according to 
5 this embodiment is explained below using FIGS. 4 to 6. 
FIG. 4 is a block diagram illustrating a schematic 
configuration of the transmission/reception apparatus 
according to the first embodiment of the present 
invention, FIG. 5 is a block diagram illustrating a 

10 schematic configuration of a diversity control section 
in the transmission/reception apparatus according to the 
first embodiment of the present invention, and FIG. 6 is 
a schematic diagram illustrating one example of 
subcarrier assignments of transmission signals and 

15 received signals according to the first embodiment of 
the present invention. In addition, it is assumed herein 
that the number of branches is 2. 

In a transmission system in FIG. 4, spreading 
section 101 multiplies transmission signals 1 to n 

20 respectively by spreading codes 1 to n to perform 
spreading processing. Herein a spreading factor is 
assumed to be k. Addition section 102 adds spread 
transmission signals, and S/P conversion section 103 
divides added spread transmission signals for each 

25 spread signal, and disassembles spread transmission 
signals 1 to n, for each spread signal, i.e., into the 
first to kth chips. 
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Selectors 104 are provided for each subcarrier, and 
switched using as switching control an instruction from 
diversity control section 111 described later to output 
an input spread signal to either of IFFT processing 
5 section 105 for branch 1 described later or IFFT 
processing section 106 for branch 2 described later. 

IFFT processing section 105 is the IFFT processing 
section for branch 1, and assigns one subcarrier for one 
chip data signal sequence to process the frequency 
10 division multiplexing* Similarly IFFT processing 
section 106 is the IFFT processing section for branch 
2, and assigns one subcarrier for one chip data signal 
sequence to process the frequency division multiplexing. 

Antenna 107 performs transmission and reception of 
15 radio signals for branch 1, and antenna 108 performs 
transmission and reception of radio signals for branch 
2 . 

Meanwhile in a reception system, FFT processing 
section 109 is the FFT processing section for branch 1, 

20 and performs Fourier Transform processing on a received 
signal to obtain each subcarrier signal (chip data signal 
sequence). Similarly FFT processing section 109 is the 
FFT processing section for branch 2 , and performs Fourier 
Transform processing on a received signal to obtain each 

25 subcarrier signal (chip data signal sequence). 

Diversity control section 111 detects a received 
amplitude for each subcarrier in each branch, and selects 
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a branch providing the largest received level for each 
subcarrier. The selection result is output, as a 
switching control signal, to each selector 104 in the 
transmission system and each selector 112 in the 
5 reception system described later. The configuration of 
diversity control section 111 is described later- 
Selectors 112 are provided for each subcarrier, and 
switched using as switching control an instruction from 
diversity control section 111 to output, for each 

10 subcarrier, the received signal from either of FFT 
processing section 109 for branch 1 or FFT processing 
section 110 for branch 2 to corresponding compensation 
section 113 (described below). 

Compensation sections 113 are provided for each 

15 subcarrier, and perform compensation processing such as 
phase compensation on respective subcarrier received 
signals. P/S conversion section 114 rearranges each 
subcarrier signal for one chip, outputs at time tl the 
first chip of a signal obtained by multiplexing spread 

20 transmitted signals 1 to n, outputs at time t2 the second 
chip of the signal obtained by multiplexing spread 
transmitted signals 1 to n, and then sequentially outputs 
at time tk the kth chip of the signal obtained by 
multiplexing spread transmitted signals 1 to n. 

25 Despreading section 115 multiplies received 

signals, each of which is converted into the single- 
sequence signal, by respective spreading codes 1 to n. 
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and obtains only signals spread with the codes to perform 
despreading . 

The configuration of diversity control section 111 
is next explained using FIG. 5. In FIG. 5, square sum 
5 calculation sections 201 are provided for each 
subcarrier for each branch, and calculate J~ (I2+Q2) of 
the respective received signal to calculate a received 
amplitude. Comparison section 202 determines which 
branch provides the largest received amplitude, for each 

10 subcarrier, by comparing. The information indicative of 
either branch selected by the determination is output 
as the switching control signal to selectors 104 in the 
transmission system and selectors 112 in the reception 
system for each subcarrier. 

15 The operation of the transmission/reception 

apparatus with the above-mentioned configuration is next 
explained . 

In the transmission system, transmission signals 
1 to n are spread with respective spreading codes 1 to 

20 n in spreading section 101, added to be single - sequence 
signals in addition section 102, and divided into 
subcarrier signals (1 to k) of which the number of is 
the same as that of spreading factor (herein, k) in S/P 
conversion section 103 for each chip. 

25 In other words, when the spreading factor of each 

transmission signal is 16, a signal sequence comprised 
of the first chip of each spread transmission signal is 
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carried with subcarrier 1 , then sequentially subcarriers 
are assigned for respective chip positions in the 
transmission signals, and a signal sequence comprised 
of the 16th chip of each transmission signal is carried 
5 with subcarrier 16. 

Each subcarrier transmission signal is output to 
either of IFFT processing section 105 or IFFT processing 
section 106 by selector 104 of which the switching is 
controlled by diversity control section 111, to be 
10 IFFT-processed, and then transmitted from antenna 107 
(branch 1) or antenna 108 (branch 2). 

Thus, in the transmission system, a signal is 
transmitted for each subcarrier through a branch that 
provides a larger received amplitude in the reception 
15 system. FIGS.6A and 6B illustrates examples. FIG.6A 
illustrates one example of subcarrier groups transmitted 
through branch 1, and FIG.6B illustrates one example of 
subcarrier groups transmitted through branch 2. 

As illustrated in the figures, since each 
20 subcarrier signal is transmitted through either branch, 
a reception side can obtain all the subcarrier signals 
by combining signals from both branches. 

Meanwhile in the reception system, received signals 
received by antenna 10 7 (branch 1 ) and antenna 108 (branch 
25 2) are respectively FFT-processed in FFT processing 
sections 109 and 110. 

With respect to each received signal for each 
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subcarrier in both branches, a received amplitude is 
calculated in diversity control section 111, and the 
amplitude level of the received signal from one branch 
is compared with that of the received signal from another 
branch to determine a larger level for each subcarrier. 
The branch selected for each subcarrier is output to 
selectors 104 in the transmission system and selectors 
112 in the reception system. 

FFT-processed received signals are selected by 
selectors 112 provided for each subcarrier, to output 
either signal of branch 1 or branch 2 providing a larger 
received amplitude for each subcarrier. This state is 
illustrated in FIG.6C. For each subcarrier, in other 
words, for each frequency band, branch signals each with 
the larger received amplitude are selected, whereby it 
is possible to cancel subcarrier signals with extremely 
low levels . 

Selected subcarrier received signals are 
compensated in, for example, phase rotations, in 
respective compensation sections 113, rearranged per 
chip basis in P/S conversion section 114 to be converted 
into single-sequence signals, despread with respective 
spreading codes in despreading section 115, and thereby 
received signals 1 to n are obtained. 

Thus, according to this embodiment, by selecting 
a branch providing a larger received amplitude for each 
subcarrier at the time of reception, and transmitting 
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only subcarrier signals selected for each branch at the 
time of transmission, the amplitude deviation in 
subcarrier received signals is decreased, and thereby 
it is possible to maintain the orthogonality between 
5 spreading codes, and to prevent the transmission 
efficiency from being lowered in the multipath 
environment . 

(Second embodiment ) 

A transmission/reception apparatus according to 
10 this embodiment has the similar configuration with that 
in the first embodiment, and performs transmission gain 
control • 

The transmission/reception apparatus according to 
this embodiment is explained below using FIGS . 7 to 9. 

15 FIG. 7 is a block diagram illustrating a schematic 
configuration of the transmission/reception apparatus 
according to the second embodiment of the present 
invention, FIG. 8 is a block diagram illustrating a 
schematic configuration of a diversity control section 

20 in the transmission/reception apparatus according to the 
second embodiment of the present invention, and FIG. 9 
is a schematic diagram illustrating examples of 
subcarrier assignments of transmission signals and 
received signals according to the second embodiment of 

25 the present invention. In addition the same sections as 
in the first embodiments are given the same marks to omit 
specific explanations thereof. 
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In FIG. 7, divider 401 divides subcarrier signals 
by respective division coefficients set for each 
subcarrier corresponding to a received amplitude level 
of each subcarrier signal in the reception system to equal 
an amplitude level of each subcarrier signal. 

When such transmission amplitude control taking 
propagation path into consideration is performed, 
transmission signals are weighted in advance for each 
subcarrier, and transmitted with amplitude levels 
illustrated in FIGS . 9 A and 9B. FIG.9A illustrates one 
example of subcarrier assignments of transmission 
signals to be transmitted from branch 1, and FIG.9B 
illustrates one example of subcarrier assignments of 
transmission signals to be transmitted from branch 2. 

Diversity control section 402 calculates an average 
amplitude level of the received signals from branches 
selected for each subcarrier, and further calculates a 
ratio of the received amplitude level to the average 
amplitude level for each subcarrier. 

In FIG. 8, averaging section 501 calculates the 
average amplitude level of signals received from either 
branch selected in comparison section 202 for each 
subcarrier. Calculation section 502 calculates for each 
subcarrier the ratio of the amplitude level of the 
received signal selected for each subcarrier to the 
average amplitude level calculated in averaging section 
501, and outputs the resultant as a division coefficient 
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to respective divider 401. 

In addition, the above-mentioned division 
coefficient W(k) is (output from square sum calculation 
section )/( output from averaging section 501), and 
expressed with the following equation 1, where Ik is a 
received I signal in subcarrier k, Qk is a received Q 
signal in subcarrier k, N is the number of all subcarriers , 
and k is the subcarrier number. 



When the above-mentioned transmission amplitude 
control is performed, since the reception side receives 
signals that are weighted prior to the transmission 
corresponding to propagation path condition, received 
subcarrier amplitude levels are made constant as 
illustrated in FIF.9C, and thereby it is possible to 
cancel the amplitude deviation efficiently. 

Thus according to this embodiment, the transmission 
amplitude control is performed for each subcarrier 
signal corresponding to the received amplitude, and 
weighting is performed prior to the transmission with 
propagation path condition taken into consideration, 
whereby it is possible to make amplitude levels constant 
levels at the reception side, and therefor to decrease 
the received amplitude deviation. 
( Third embodiment ) 

The transmission/reception apparatus according to 
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this embodiment has the similar configuration with that 
in the second embodiment, and sets an upper limit in the 
amplitude level (gain) to reduce peak power. 

The transmission/reception apparatus according to 
5 this embodiment is explained below using FIG . 10 . FIG. 10 
is a partial block diagram illustrating a schematic 
configuration of a diversity control section in the 
transmission/reception apparatus according to the third 
embodiment of the present invention. In addition, the 

10 same sections as in the second embodiment are given the 
same marks to omit specific explanations thereof. 

In FIG. 10, comparison sections 701 are provided for 
each subcarrier, compare respective division 
coefficients W(k) calculated in respective calculation 

15 sections 502 with the upper limit of amplitude that is 
a preset arbitrary number, and output respective 
comparison results to selector 702. 

Each of selectors 702 switches between input 
sources using an output signal from respective 

20 comparison section 701 as a switching control signal to 
output the division coefficient itself when the division 
coefficient is equal to or less than the upper limit, 
and to output the upper limit when the division 
coefficient exceeds the upper limit. 

25 Thus, according to this embodiment, the amplitude 

level is controlled not to exceed a predetermined upper 
limit, and it is thereby possible to reduce peak power. 
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In addition in this embodiment, it is possible to 
achieve both the peak power reduction and improved 
transmission efficiency by varying the upper limit of 
amplitude adaptively corresponding to the number of 
subcarriers . 

While the above-mentioned first to third 
embodiments explain the case where the number of branches 
is two, the application of the present invention is not 
limited to this condition, and the number of branches 
may be arbitrary. Further the numbers of subcarriers and 
spreading codes may be arbitrary also. 

Moreover while the above-mentioned first to third 
embodiments explain the case of using selection 
diversity as a kind of diversity, the present invention 
is not limited to the above-mentioned condition, and is 
applicable to cases of using the other kinds of 
diversities such as equal-gain combining diversity and 
maximal-ratio combining diversity, and the same effects 
may be obtained. 

In addition the transmission diversity explained 
in the above-mentioned first to third embodiments 
improves the error rate characteristic, but does not 
improve the transmission efficiency when used in an 
ordinary OFDM communication. That is due to the fact 
that in the ordinary OFDM communication in which one 
transmission signal is carried with one subcarrier, when 
two or more transmission signals are carried with one 
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carrier, signals except desired signals provide 
interference in each subcarrier signal even if the 
received amplitude of each subcarrier is constant. 
Therefore the presence of interference signals with the 
5 same levels as desired signals makes communication 
difficult . 

The transmission/reception apparatus according to 
the present invention adopts a configuration having a 
reception section that receives radio signals comprised 

10 of a plurality of carrier signals, subjected to frequency 
division multiplexing, from each of a plurality of 
branches, a branch selection section that calculates 
received amplitude levels for each subcarrier signal in 
all the branches, and detects a branch providing a largest 

15 received amplitude for each carrier signal, a 
demodulation section that despreads a selected carrier 
signal with a predetermined spreading code to obtain data, 
and a transmission section that performs frequency 
division multiplexing using the plurality of carrier 

20 signals to transmit for each subcarrier from the branch 
selected in the branch selection section. 

According to this configuration, by selecting 
branches each providing a larger received amplitude for 
each subcarrier at the time of reception, and 

25 transmitting only subcarriers selected for each branch 
at the time of transmission, the amplitude deviation in 
subcarrier received signals is decreased, and thereby 
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it is possible to maintain the orthogonality between 
spreading codes, and to prevent the transmission 
efficiency from being lowered in the multipath 
environment . 

5 The transmission/reception apparatus according to 

the present invention adopts the configuration where the 
transmission section has an average level calculation 
section that calculates an average received amplitude 
level of selected carrier signals, a division 

10 coefficient calculation section that calculates a ratio 
of a received amplitude level of one of the selected 
subcarrier signals to the average received amplitude 
level for each carrier, and a division section that 
divides a transmission signal immediately before being 

15 subjected to the frequency division multiplexing by the 
ratio for each carrier signal. 

According to this configuration, transmission 
amplitude control is performed for each subcarrier 
signal corresponding to the received amplitude, and 

20 weighting is performed prior to the transmission with 
propagation path condition taken into consideration, 
whereby it is possible to make amplitude levels constant 
levels at the reception side, and therefor to decrease 
the received amplitude deviation. 

25 The transmission/reception apparatus according to 

the present invention adopts the configuration where the 
division coefficient calculation section holds an 
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arbitrary threshold, compares a calculated ratio with 
the threshold, and outputs the threshold to the division 
section instead of the calculated ratio when the 
threshold is larger than the calculated ratio. 
5 According to this configuration, since the 

amplitude level is controlled not to exceed the 
predetermined upper limit, it is possible to reduce the 
peak power. 

The present invention is applicable to a 
10 communication terminal apparatus and base station 
apparatus in the digital radio communication system. 

The transmission diversity is thereby performed in 
the OFDM-CDMA communication, then a branch providing the 
larger amplitude is selected for each subcarrier signal 
15 at the time of reception, and the selected subcarrier 
signals are only transmitted for each branch at the time 
of transmission. Therefore it is possible to decrease 
the amplitude difference between subcarrier signals, 
maintain the orthogonality between spreading codes, and 
20 improve the transmission efficiency in the multipath 
environment . 

A transmission diversity method according to the 
present invention has the reception step of receiving 
radio signals comprised of a plurality of carrier signals , 
25 subjected to frequency division multiplexing, from each 
of a plurality of branches, calculating received 
amplitude levels for each carrier signal in all the 
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branches, detecting a branch providing the largest 
received amplitude for each carrier signal, and 
despreading a received signal from a detected branch with 
a predetermined spreading code for each carrier signal 
5 to obtain data, and the transmission step of spreading 
a plurality of transmission data with respective 
different spreading codes, and performing the frequency 
division multiplexing using the plurality of carrier 
signals to transmit for each carrier from a selected 
10 branch. 

According to this method, by selecting branches 
each providing a larger received amplitude for each 
subcarrier at the time of reception, and transmitting 
only subcarriers selected for each branch at the time 

15 of transmission, the amplitude deviation in subcarrier 
received signals is decreased, and thereby it is possible 
to maintain the orthogonality between spreading codes, 
and to prevent the transmission efficiency from being 
lowered in the multipath environment. 

20 The transmission diversity method according to the 

present invention further has the steps of calculating 
an average received amplitude level of selected carrier 
signals, calculating a ratio of a received amplitude 
level of one of the selected carrier signals to the 

25 average received amplitude level for each carrier, and 
dividing a transmission signal immediately before being 
subjected to the frequency division multiplexing by the 
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ratio for each subcarrier signal. 

According to this method, transmission amplitude 
control is performed for each subcarrier signal 
corresponding to the received amplitude, and weighting 
5 is performed prior to the transmission with propagation 
path condition taken into consideration, whereby it is 
possible to make amplitude levels constant levels at the 
reception side, and therefor to decrease the received 
amplitude deviation . 

10 The transmission diversity method according to the 

present invention further has the steps of holding an 
arbitrary threshold to compare a calculated ratio with 
the threshold, and dividing the transmission signal 
immediately before being subjected to the frequency 

15 division multiplexing by the threshold instead of the 
calculated ratio for each carrier signal when the 
threshold is larger than the calculated ratio. 

According to this configuration, since the 
amplitude level is controlled not to exceed the preset 

20 upper limit, it is possible to reduce the peak power. 

As explained above, according to the present 
invention, the transmission diversity is performed in 
the OFDM-CDMA communication, then a branch providing the 
larger amplitude level is selected for each subcarrier 

25 signal at the time of reception, the selected subcarrier 
signals are only transmitted for each branch at the time 
of transmission. Therefore it is possible to decrease 
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the amplitude difference between subcarrier signals, 
maintain the orthogonality between spreading codes, and 
improve the transmission efficiency in the multipath 
environment . 

5 The present invention is not limited to the above 

described embodiments, and various variations and 
modifications may be possible without departing from the 
scope of the present invention. 

This application is based on the Japanese Patent 
10 Application No . HEI 1 1 - 18 9 5 2 0 filed on July 2, 1999, 
entire content of which is expressly incorporated by 
reference herein. 
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What is claimed is: 

1. A transmission/reception apparatus 
comprising : 

reception means for receiving radio signals 
5 comprised of a plurality of carrier signals, subjected 
to frequency division multiplexing, from each of a 
plurality of branches; 

branch selection means for calculating received 
amplitude levels for each carrier signal in all the 
10 branches, and detecting a branch providing a largest 
received amplitude for each carrier signal; 

demodulation means for despreading a selected 
carrier signal with a predetermined spreading code to 
obtain data; and 
15 transmission means for performing the frequency 

division multiplexing using the plurality of carrier 
signals to transmit for each carrier from the branch 
selected in said branch selection means. 

2. The transmission/reception apparatus 
20 according to claim 1, wherein said transmission means 

comprising : 

average level calculation means for calculating an 
average received amplitude level of selected carrier 
signals ; 

25 division coefficient calculation means for 

calculating a ratio of a received amplitude level of one 
of the selected carrier signals to the average received 
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amplitude level for each carrier; and 

division means for dividing a transmission signal 
immediately before being subjected to the frequency 
division multiplexing by the ratio for each carrier 
5 signal, 

3. The transmission/reception apparatus 
according to claim 2, wherein said division coefficient 
calculation means holds an arbitrary threshold, compares 
a calculated ratio with the threshold, and outputs the 

10 threshold to said division means instead of the 
calculated ratio when the threshold is larger than the 
calculated ratio. 

4. A transmission diversity method in an 
OFDM-CDMA communication, said method comprising: 

15 the reception step of receiving radio signals 

comprised of a plurality of carrier signals, subjected 
to frequency division multiplexing, from each of a 
plurality of branches, calculating received amplitude 
levels for each carrier signal in all the branches, 

20 detecting a branch providing a largest received 
amplitude for each carrier signal, and despreading a 
received signal from a detected branch with a 
predetermined spreading code for each carrier signal to 
obtain data; and 

25 the transmission step of spreading a plurality of 

transmission data with respective different spreading 
codes, and performing the frequency division 
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multiplexing using the plurality of carrier signals to 
transmit for each carrier from a selected branch. 

5. The transmission diversity method in the 
OFDM-CDMA communication according to claim 4, further 
comprising the steps of: 

calculating an average received amplitude level of 
selected carrier signals; 

calculating a ratio of a received amplitude level 
of one of the selected carrier signals to the average 
received amplitude level for each carrier; and 

dividing a transmission signal immediately before 
being subjected to the frequency division multiplexing 
by the ratio for each carrier signal. 

6. The transmission diversity method in the 
OFDM-CDMA communication according to claim 5, further 
comprising the steps of: 

holding an arbitrary threshold to compare a 
calculated ratio with the threshold; and 

dividing the transmission signal immediately 
before being subjected to the frequency division 
multiplexing by the threshold instead of the calculated 
ratio for each carrier signal when the threshold is larger 
than the calculated ratio. 
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ABSTRACT OF THE DISCLOSURE 
Diversity control section 111 calculates received 
amplitude levels of all subcarrier signals from all 
branches, and selects a branch providing the largest 
amplitude level for each subcarrier signal. Based on the 
above selection result, selectors 104 are switched to 
transmit respective subcarrier signals from the selected 
branch, and selectors 112 are switched to receive 
respective subcarrier signals from the selected branch. 



V 



o 



GO 



CO- 



HI 
O 



CO 




'I 



o 
o 



C/5 



"I 



1 



co 

UJ 



O 

LU 
CO 



C3 



co 

Q_ 



ADDITION 
SECTION 



— CZ5 
Q — 
<C ! — 
LU CO 

ct: uj 
d. oo 

CO 



J 



CL. 

co 



o 

CD 



I 



— o 
o — 
<C I — 
LU <LJ> 
QZ LU 
Q. CO 
CO 



J 



"I 



LU 



UJ 



CO 



q o 
<c — 

LU H- 
az o 

Q_ LU 
CO CO 
LU 



T 



-Q LU 

of" 

CO 



Q O 

<c — 

LU I— 
Od CJ5 
Q_ UJ 
CO CO 
LU 



CD 



LU 



LU 



CO 



T 



CO 

CO —I 

— <c 

CO O 

z — 

<C co 



CO 

CO —I 

— <c 

CO CD 
<C CO 



LU 

> —I 
— <c 

LU 2= 
O O 
LU — 

cn co 



LU 

> I 

— <C 
LU Z 
O O 
LU — 
QC CO 



CO 



LO 
CD 



CO 
CD 



i 



x 



<LJ> 
LU 



CO 



CO 



CO 

<=>-) 



CD 

2 U 



a: 
o 



CO 



— 00 
co ce: — 

Q£ H- h— 
LUZU 
>OLU 

— o co 



v 



Li— 



CD 
h- 
O 
UJ 

—J 

LU 
CO 



o 

I— 
CJ> 
LU 
-J 
LU 
CO 



CO 

LU 
Q- 

O 



o 

LU 
CO 



a. 

CO 



<c : 

CO 



o 

UJ 
CO 



o 



CO 
Q_ 



ADDITION 
SECTION 


A 


i. 1 





— o 

Q 

<C I— 
LU CO 
CtT LU 
CL. CO 
CO 



V 



LU 



CO 



CD 

— o 

Q — 

<C h- 
LU CJ> 
Q£ LU 

a. co 

CO 



LO 



LU 
CO 



Q O 
<C — 
LU I— 
or CJ> 
Q_ LU 
CO CO 
LU 
O 



T 



C3 



3 LU 
LU g 



CO 



CJ3 



Q O 
<C — 
LU I— 

cn o 

Q_ LU 
CO CO 
LU 



T 



CJ3 



CO 



CO 

CO —I 

— <t 

CO CD 

<x: co 



CO 

CO —J 

— <c 

CO O 
-=C co 



LU 

> — i 
— «< 

LU Z 

o o 

LU — 

ct: co 



Q c: 
UJ 



LU — 
CO 



en o 



or o 



o o 

CO 



o o 

O LU 
CO 



CV4 



■I 



COMPARISON 
SECTION 



CVI t 



COMPARISON 
SECTION 



I — o 



at 



CJ> UJ 
—I oo 



to 7^ 



<C 

CO 
ZD 
OO 



or: 

UJ 



OO 





OO 



OO 



□I 
GO 



CO 



LO 

CD- 



o 
h- 
o 

LU 
— 1 
LU 
CO 



: 1 



LJJ 



LU 
CO 



o 


1 NO 


CO 


i — 


> 


EC 




co 



CO 
CD 



I 



— o o 

CO on — 

LUZU 
>OUJ 
O CO 



o 


ON 


CO 


h— 


> 


C_3 
UJ 




CO 



o 



o 

UJ 



CO 



CO 



o 
h- 

C_3 
UJ 

I 

UJ 
CO 



CO . 



LU 
Q_ 

CD 



CO 



CO 



£ h- 



CO 



ADDITION 
SECTION 



— C5 
O — 
<C h- 
UJ C_> 

cn uj 
a. CO 
CO 



LU 



LU 

cr: 

Q- 

co 



LO 



o 

— o 

Q — 
<C 1 — 
LU CJ> 
Qi LU 
Q_ CO 
CO 



J 



cu 

CO 



Q O 
<C — 

LU *— 

Q- LU 
CO CO 



O UJ 
UJ S 



CO 



CJ3 



< — 

os: o 

Q- UJ 
CO CO 
LU 



T 



CJ5 



C3 



Q_ 

CO 



LU 
Q 
CD 



co 

CO — I 

— < 

CO CJ3 

3 

<C CO 



CO 

CO —J 

— <c 

CO CD 
<C CO 

or 



UJ 



UJ — 
or CO 



O 

UJ 



UJ — 
ct: co 



as O 



o <_5 
<_> LU 
GO 



o c_> 

C_5 UJ 
GO 



I— 

^ U- LL- 5 



UJ 



cd 



CVI 

CM / 



COMPAR 


ISON 


SECTI 


ON 



CM > 



CD 



oo 



cd 

— O 
CD — 
<C I— 
od CD 
LU UJ 
> OO 



cm , 



<c — 
— I I— 
^ ZD CD 
( 1 CD LU 



o 



oa 

CD 
LO 



I — o 
<c — 
—J h- 

O UJ 
I oo 

<c 

CD 



COMPARISON 
SECTION 



< CJ> LU 
-=> I OO 

oo T 3 : 



CD 

GO 
ZD 
OO 



^ ZD CD 
$ CJ UJ 

oo^ 



UJ 

o£ 
-< 

CD 
CO 
3D 
OO 



CD 

CM 



oo 


z: 
o 

— 2: 

1— o 


JARE 


<c — 

— ! h- 
ZD CD 


CD LU 


— ' 

Of 

oo 


I oo 

<c 

CD 



Od 
UJ 



ad 

CD 
CO 
ZD 
OO 



CD 
CM 



2r ZD CD 
CD LU 

oo 



cy : 

oo 



CD 



ad 

LU 

od 
o 

CO 
ZD 
OO 



OO 
CD 



CD 

<*: 

Od 
CO 



od 
CO 



LU 



Cxi 



_ LL- ejs 
CD 



o s 



o o 

CD LU 
CO 



O Z 
Q£ O 



O O 
CD LU 
co 



CO 



— 5 — ' CC! 

CD 



Q. — 



CD 



CO 

TT 



to 



cd 

CD 



cd 

LU 

CO 



— o 

CD — 
<C I— 

Q£ O 

LU LU 
> CO 



COMPARISON 
SECTION 



0> > 



CD 



± 



CO 



CD 



CO 



^ i— 

la 

CD 



h- o 

<c — 
-J i — 

ZD CO 
CD LU 
— 1 CO 

cd 



^1 

CsJ \ 
CD^ 
LO 



h- O 
<t — 
—J h- 

ID CJ> 
O LU 
_j CO 

o 



COMPARISON 
SECTION 



ce: 

-< " 

O 

CD 

=D 

CO 



co 



I — CD 



ZD CD 
CD LU 
1 CO 



CO 



CD 



UJ 

en 
en 
<C 

cd 

OQ 
ZD 
CO 




en 
<c ' 
o 

CO 
ZD 
CO 




CD 
CJD 



co 



CD 



CD 

cc: 

QQ 



* APPLICATION FOR UNITED STATES PATENT 

Declaration for Patent Application 



As a below named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated below next to my name. 

I believe I arn the original, first and sole inventor (if only one name is listed below) or an original, first and joint inventor (if 
plural names are listed below) of the subject matter which is claimed and for which a patent is sought on 

the invention entitled: TRANSMISSION/RECEPTION APPARATUS 



the specification of which 

(check at least one) 3 [ x ] 

4[ ] 
6[ ] 



2 (file no 



is attached hereto 

was filed on 

and was amended 



_as (5) U.S. Application Serial No_ 



(if applicable) 



Use this 

portion 
only if you 
are entering 

the U.S. 

National 
phase based 

on a PCT 
International 
Application 
designating 

the U.S. 



7 [ ] was filed as PCT international application 



Number 



and was amended under PCT Article(s) 19 and/or 34 



10 



on 



(if applicable). 



Q I hereby declare that I have reviewed and understand the contents of the above-identified specification, including the claims, as amended, 
by ajf amendment referred to above. 

Q] I acknowledge the duty to disclose to the United States Patent and Trademark Office all information known to me which is material to 
payability in accordance with Title 37, Code of Federal Regulations, §1.56. 

I hereby claim foreign priority benefits under Title 35, United States Code, §119 of any foreign application (s) for patent or inventor's 
certfe'cate listed below and have also identified below any foreign application(s) for patent or inventor's certificate or any PCT international 
application^) designating at least one country other than the United States of America filed by me on the same subject matter having a filing date 
earlier than that of the applications) on which priority is claimed. 



Prior (Foreign) Application(s) any Priority Claims Under 35 U.S.C. 119 



Priority Claimed 



«a 



Japan 



Hll-189520 



02/07/1999 



(Country) 



(Number) 



(Day/Month/Year Filed) 



(Country) (Number) (Day/Month/Year Filed) 

Additional foreign application numbers are listed on a supplemental priority data sheet attached hereto. 



[x] 

Yes 

[ 1 

Yes 



No 

[ 1 

No 



Priority Claim(s) from U.S. Provisional Application(s) - 1 hereby claim the benefit under Title 35, United States Code, §11 9(e) of any 
United States provisional application(s) listed below: 



lib. 



Application No. 



Day/Month/Year Filed 



Application No. 



Day/Month/Year Filed 



Do not use this 
portion to identify a 
PCT application if the 
parent application is 
the U.S. National 
phase of the PCT 
application 



I hereby claim the benefit under Title 35, United States Code, 120 of any United States application(s) or 
PCT international application^) designating the United States of America that is/are listed below and, insofar as 
the subject matter of each of the claims of this application is not disclosed in that/those prior application(s) in the 
manner provided by the first paragraph of Title 35, United States Code §112, 1 acknowledge the duty to disclose 
to the United States Patent and Trademark Office all information known to me to be material to patentability as 
defined in Title 37, Code of Federal Regulations, §1.56 which became available between filing date of the prior 
application and the national or PCT international filing date of this application. 



13 



(U.S. Application Number) 



(U.S. Filing Date) 



Status (patented, pending, abandoned) 



I hereby appoint the following attorneys of the firm of Stevens, Davis, Miller & Mosher, L.L.P. as my attorneys of record with full 
power of substitution and revocation to prosecute this application and to transact all business in the Patent and Trademark Office: 

James E. Ledbetter, Reg. No. 28732; Thomas P. Pavelko, Reg. No. 31689; and Anthony P. Venturino, Reg. No. 31674. 

ALL CORRESPONDENCE IN CONNECTION WITH THIS APPLICATION SHOULD BE SENT TO 
STEVENS, DAVIS, MILLER & MOSHER, L.L.P., 1615 L Street, N.W., Suite 850, Washington, D.C 20036, 
TELEPHONE (202) 408-5100, FACSIMILE (202) 408-5200. 

See page 2 for signature lines 

°1998 Stevens, Davis, Miller & Mosher, L.L.P. other side for instructions for completing this form 



\ Sf EVENS, DAVIS, MILLER & MOSHER, L.L.R 

* I hereby declare that all statements made herein of my own kno wledge are true and th a t all statements made on information and belief are believed to be true; and furthe r 

that these statements were made with the knowledge that willful false statements and the like so made are punishable by fine or imprisonment, or both, under Section 1001 
„ of Title 18 of the United States Code, and that such willful statements may jeopardize the validity of the application or any patent issuing thereon. 



13a Typewritten Full Name 

of Sole or First Inventor 



14a Inventor's Signature 

15a Date of Signature 

16a Residence 

17a Citizenship 

18a Post Office Address 

(Insert complete mailing 
address, including country) 

13b Typewritten Full Name 

of Sole or First Inventor 

14b Inventor's Signature 

l£b Date of Signature 

Residence 

101 Citizenship 

lSl Post Office Address 

01 (Insert complete mailing 

p j address, including country) 

Typewritten Full Name 
of Sole or First Inventor 

yj Inventor's Signature 

£Sb Date of Signature 

16c Residence 

17c Citizenship 

18c Post Office Address 

(Insert complete mailing 
address, including country) 

13d Typewritten Full Name 

of Sole or First Inventor 

14d Inventor's Signature 

15d Date of Signature 

16d Residence 

17d Citizenship 

1 8d Post Office Address 

(Insert complete mailing 
address, including country) 



PAGE 2 OF U.SA. DECLARATION FORM 
Hiroaki 



Given Name Middle Name 



ME 



Yokohama-shi 



"Day 



Kanagawa 



City 
JAPAN 



State or Province 



508, Saedo-cho, Tsuzuki-ku, 



Yokohama-shi, Kanagawa 224-0054 JAPAN 



City 



City 



Month 



Month 



Day 



State or Province 



Day 



State or Province 



SUDO 



Family Name 



Tear 



JAPAN 



Country 



Given Name 


Middle Name 


Family Name 





Year 



Country 



Given Name 


Middle Name 


Family Name 





Year 



Country 





Given Name 


Middle Name 


Family Name 












Month 


Day 


Year 


City 




State or Province 


Country 



*Note to Inventor: Please sign name on line 15 exactly as it appears in line 14 and insert the actual date of signing on line 16. 

copy of this page for identification and signatures for the additional inventors. 
K 1998 STEVENS, DAVIS, MILLER & MOSHER, L.L.P. 



If there are more than four inventors, please add a 



